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@ DMA Controller performing data transfer by 2-bus cycle transfer manner. 



@ The DMA controller comprises a data register 
having a first field and a second field for temporally 
storing data to be transferred, means for reading 
data from a data source unit such as a memory (or a 
peripheral I/O) by executing a read bus cycle to 
store the read-out data in one of the first and second 
fields of the data register, and means for writing the 
data stored in the other of the first and second fields 
of the data register into a data destination unit such 
as a peripheral I/O (or a memory) by executing a 
write bus cycle subsequent to the read bus cycle. 
Data which have been read from the data source unit 
and stored in the data register by a preceding read 
bus cycle executed prior to a current read bus cycle, 
are then transferred and written into the data des- 
tination unit by a write bus cycle subsequent to the 
current read bus cycle. Therefore, there is no need 
or providing a time for the arrangement processing 
of data read out by the read bus cycle and thus it is 
possible to execute successive operations of a read 
bus cycle and a write bus cycle. 
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DMA CONTROLLER PERFORMING DATA TRANSFER BY 2-BUS CYCLE TRANSFER MANNER 



The present invention relates to a DMA (Direct 
Memory Access) controller and, particularly, to a 
DMA controller which eKecutes a DMA data trans- 
fer according to a 2-bus cycle transfer manner. 

As well known in the art. a DMA controller is 
used for executing a data transfer between a pe- 
ripheral input/output device (referred to as 
"peripheral I/O", hereinafter) such as magne'iic disc 
device, communication device and display device 
and a main storage device (referred to as 
"memory", hereinafter) in lieu of a central process- 
ing unit (CPU). 

With Improvement of processing efficiency and 
speed of CPU. a data bus width thereof is in- 
creased to 32-bit. for example. When an informa- 
tion processing system is constructed by using a 
CPU having such a large data bus width, it may be 
not always that all of peripheral l/O's to be used in 
the same system have the same bus width as that 
of the CPU. For example, peripheral l/O's having 8- 
bit (1-byte) and/or 16-bit (half word) bus width may 
be used for a CPU having 32-bit (1 word) bus 
width. In such case, a DMA data transfer is re- 
quired between a memory and peripheral l/O's 
having bus widths different from each other. 

To this end, a DMA controller of a 2-bus cycle 
transfer type is used. The 2-bus cycle transfer 
system is such that the data transfer is performed 
by a read bus cycle and a write bus cycle. Such 
DMA controller executes the read cycle first to 
fetch data from a data source unit such as a 
memory or a peripyeral I/O' then internally rearran- 
ges or aligns fetched data in accordance with a bus 
width and/or a storing address of a data destination 
unit such as a peripheral I/O or a memory, and 
thereafter executes the write bus cycle to write the 
rearranged data in the data destination unit 

Thus, the DMA controller of the 2-bus cycle 
transfer type requires to rearrange or align the data 
fetched from the data source unit in order to per- 
form a DMA transfer between the peripheral I/O' 
and the memory having different bus width. This 
rearrangement or alignment procedure can be 
completed within a read cycle if the operating 
frequency is low. However, when, in order to im- 
prove the transfer speed, the bus cycle is short- 
ened by increasing operating frequency, it be- 
comes impossible to complete such rearrangement 
or alignment within the read bus cycle and, there- 
fore, it is necessary to provide a time interval 
between the t/vo bus cycles for such rearrange- 
ment. That is. it is impossible to execute the read 
bus cycle and the write bus cycle continuously, so 
that the improvement in transfer speed is restrict- 
ed. 



SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is 
to provide an improved DMA controller. 

5 Another object of the present invention is to 

provide a DMA controller of 2-bus cycle transfer 
type for executing successive bus cycle operations 
of a read bus cycle and a write bus cycle. 

A DMA controller according to the present in- 

10 vention comprises a data register having a first 
field and a second field for temporally storing data 
to be transferred, means for reading data from a 
data source unit such as a memoi7 (or a peripheral 
I/O) by executing a read bus cycle to store the 

/5 read-out data in one of the first and second fields 
of the data register, and means for writing the data 
stored in the other of the first and second fields of 
the data register into a data destination unit such 
as a peripheral I/O (or a memory) by executing a 

20 write bus cycle subsequent to the read bus cycle. 

That is, in the present invention, data, which 
has been read from the data source unit and stored 
in the data register by a preceding read bus cycle 
executed prior to a current read bus cycle, is then 

25 transferred and written into the data destination unit 
by a write bus cycle subsequent to the current 
read bus cycle. Therefore, there is no need of 
providing a time for the arrangement processing of 
data read out by the read bus cycle and thus it is 

50 possible to execute successive operations of a 
read bus cycle and a write bus cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Fig. 1 is a block diagram of an information 

processing system using a DMA controller accord- 
ing to an embodiment of the present invention; 

Hg. 2 is a block diagram shov/ing an internal 
construction of the DMA controller shown in Fig. 1 ; 

JO Fig. 3 is a block diagram showing a register 
controller and a data register shown in Fig. 2: 

Fig. 4 is a diagram showing a relation between 
input data and output data of decoders shown in 
Fig. 3; and 

Fig. 5 is a timing chart showing an example of 
DMA data transfer operation by the DMA controller 
according to this embodiment; and 

Rg. 6 is a timing chart showing another exam- 
ple of DMA data transfer operation by the DMA 
50 controller according to this embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Rg. 1, there is shown a block 
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diagram of an information processing system using 
a DMA controller 1 according to an embodiment o\ 
the present invention. In addition to the DMA con- 
troller 1. this system includes a CPU 2. a memory 

3 and a plurality of peripheral l/O's (only two l/O's 

4 and 5 are shown in Rg. 1). and these compo- 
nents are interconnected through 3 system control 
bus (SCB) 6. a system address bus (SAB) 7 and a 
system data bus (SOB) 8 of 32-bit (4-byte) wide. 
Since data of 4-byte (1-word) are read and written 
from and into the memory 3 by one bus cycle, the 
memory 32 is connected through a branch data 
bus 30 of 32-bit width to SDB 8. Data width of the 
first and second peripheral l/O's 4 and 5. i.e.. port 
width thereof, are 1-byte and 2-byte, respectively, 
in this embodiment. Therefore, the peripheral I/O 4 
and the peripheral I/O 5 are connected through a 
branch data bus 40 of 8-bit width to a least signifi- 
cant 1-byte data bus of SDB 8 and through a 
branch data bus 50 of 16-bit width to a least 
significant 2-byte data bus of the SDB 8. respec- 
tively. The DMA controller 1 executes data transfer 
between the memory 3 and the first peripheral I/O 
4. between the memory 3 and the second periph- 
eral I/O 5, between the memory 3 and other periph- 
eral t/O's (not shown), or between two storage 
regions within the memory 3, and is thus con- 
nected through a branch data bus 10 of 32-bit 
width to the SDB 8. The DMA controller 1 responds 
to a DMA transfer request signal (DMAREQ) 12-1 
or 13-1 to detect DMA request from the corre- 
sponding peripheral I/O 4 or 5. When the request is 
detected, the DMA controlier 1 sends a hold re- 
quest signal (HLDREQ) 1M to the CPU 2 to re- 
quest a monopoly of the system buses 6 to 8. 
When the CPU 2 detects the HLDREQ signal ii-i. 
it suspends a program execution and then allows 
the DMA controller 1 to have a monopoly of the 
buses 5 to 7 returning a hold acknowledge 
(HLDACK) signal 11-2. Thus, the DMA controller 1 
returns the DMA acknowledge (DM/\ACK) signal 
12-2 or 13-2 to the requesting peripheral I/O 4 or 5 
and executes a DMA data transfer. 

Referring to Fig. 2, the DMA controller I in- 
cludes data transfer circuits lOO-l and 100-2 for 
respective ones of a plurality of DMA channels and 
a read/write controller 200. The first and second 
channel data transfer circuits 100-1 and 100-2 are 
assigned to the first and Second peripheral l/O's 4 
and 5. respectively, in this embodiment. These 
transfer circuits have identical construction and. 
therefore, the construction of only the circuit lOO-i 
is shown. Specifically, an input buffer lOl receives 
data from the bus lO through 32 data terminals 
DTO to DT31 and supplies them to a register 102. 
The register 102 responds to a latch enable signal 
from an AND gale 103 supplied with a second 
clock 02 and a second slate signal T2 to temporar- 



ily store data from the input buffer 101. The data 
from the register 102 is subjected to a byte align- 
ment operation (i.e.. a byte shift operalioni by a 
read aligner 104 responsive to a control data from 

5 a read aligner controller 105 and then supplied to a 
data register 106. The register 106 includes a first 
field 106-1 and a second field 106-2 in accordance 
with the present invention. The first field 106-1 
includes four registers RiO to R13 each of i-byte 

10 {8-bit) width and the second field 106-2 includes 
four registers R20 to R23 each of l-byte (8 bit) 
width. The location and the number of the registers 
RlO to R20. into which data from the read aligner 
104 are to be wntten and from which data are to be 

;5 read to a wnte aligner 108. are controlled by a 
register controller 107. The write aligner 108 ex- 
ecutes a data alignment operation (i.e.: a data shift 
operation) on data read from the register 106 in 
response to a control data from a write aligner 

20 controller 109. The data from the wnte aligner is 
temporarily stored into to a register nO. A latching 
timing of the register 110 is controlled by an AND 
gate ill having inputs supplied with a first clock 
21 and a first state signal Tl. An output data of the 

25 register 110 is temporarily stored in a register 1 12 
under the control of an AND gate 1 13 having inputs 
supplied with the second clock e2 and the first 
state signal Tl and then transferred- through an 
output buffer 114 activated by a write bus cycle 

30 signal WC to the data terminals DTO to DT31 (bus 
10). 

The read write controller 200 includes a plural- 
ity of parameter registers 201 and 202 provided 
con-espondingly to the respective DMA transfer 

35 channels and a sequence controller 203 for conlroi- 
Img an operation sequence. timing of DMA transfer. 
Each of the parameter registers 201 and 202 stores 
a plurality of information representative of the num- 
ber of bytes to be transferred (BNM). a start ad- 

40 dress of a data transfer memory region (MSTADD), 
a bus width indicative of the bit width of the mem- 
ory (BW). a port address (PADD) indicative of the 
address of a peripheral I O, a port width (PW) 
indicative of the bit width of the penpheral 10. and 

4b a transfer direction (TO) indicative of a direction of 
data transfer from a memory to a peripheral 1-0 or 
from a peripheral 10 to a memory. These informa- 
tions are set by the CPU 2 (Fig. 1). The sequence 
controller 203 responds to a basic or system clock 

50 signal CLK to generate various control signals for 
DMA transfer. However, only timing control signals 
01. 02. Tl. T2. RC and WC to be supplied to the 
data transfer circuits lOO and 200 are shown in the 
drawing. The first and second dock signals a1 and 

55 02 have a phase relationship opposite to each 
other. The first and second state signals Tl and T2 
also have a phase relationship opposite the each 
other. The signal RC represents a road bus cycle 
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period and WC does a write bus cycle period. A 
phase relation between the signals 01 and T1 for 
<22 and T2) is shown in Rgs. 5 and 6. 

Referring to Fig. 3. there is shown in detail a 
construction of the register controller 107 and the 
data register 106. The register controller 107 in- 
cludes a write control circuit 1007 for controlling a 
write operation of data read from a data source unit 
by read bus cycle into the data register 106. and a 
read control circuit 1008 for controlling a read 
operation of data from the data register 106 by 
write bus cycle. The write control circuit 1007 in- 
cludes a write pointer (WP) 1073, an incrementer 
(INC) 1072. a multiplexer (MPX) 1071. a write de- 
coder 1074, an AND gate 1075 for generating a 
write enable signal to be supplied to the decoder 
1374. a 02 delay circuit (02-D) 1076. and an AND 
gate 1077. MPX 1071 selects and outputs the port 
width PW when the data transfer direction TD is 
"1" to designate the data transfer from a memory 
to a peripheral I/O. On the other hand, when TD is 
"C" to designates the data transfer from a periph- 
eral I/O to a memory, MPX 1071 selects and out- 
puts the bus width BW. Each of the port width PW 
and bus width BW consists of 2 bits, with "00" 
being a S-bit width, "01" being a 16-bit width and 
"10** being a 32-bit width. INC 1072 increments the 
content of WP 1073 by a value responsive to the 
output data from MPX 1071 and rewrites the incre- 
mented value into WP 1073. WP 1073 is of 3 bits 
construction. When the output of MPX 1071 is 
"00", the content of WP 1073 is incremented by 1, 
when "01", incremented by 2, and v/hen "10", 
incremented by 4. The write decoder 1074 re- 
sponds to the content of WP 1073 and the output 
data of MPX 1071 to control levels of 8 write- 
enable signals W10 to W23 in accordance with Fig. 
4. These signals WIO to W23 are supplied to write- 
enable terminals WE of the registers RIO to R23, 
respectively. The read control circuit 1008 includes 
a read pointer (RP) 1083, an incrementer (INC) 
1082. a multiplexer (MPX) 1081 and a read de- 
coder 1084. The decoder 1084 is activated by the 
signal WC. MPX 1081 selects the port width PW 
when ITD, which is an inverse data of the data 
transfer direction Td. is "1" and selects the bus 
width BW when it is "0". An update operation for 
RP 1083 by INC 1082 is the same as that for WP 
1073 by INC 1072. The read decoder 1084 re- 
sponds to the data from RP 1083 and MPX 1081 to 
control levels of 8 read-enable signals RIO to R23 
in accordance also with Rg. 4. These read-enable 
signals RIO to R23 are supplied to read-enable 
terminals RE of the registers RIO to R23. respec- 
tively. Thus, each of the registers R in the data 
register 106 stores the corresponding byte data 
among data from the read aligner 104 when the 
corresponding write-enable signal W is "1" and 
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supplies the stored data to tlie v/rito aligner 108 
when the corresponding read-enable signal R is 
"1". 

Although not shown, the read aligner controller 
5 105 (Fig. 2) receives the least significant 2-bit data 
of the output of WP 1073 and the write aligner 
controller 109 receives the least significant 2-bit 
data of the output of RP 1083. When the least 
significant 2-bit data of WP 1073 is "00". the read 

TO aligner controller 105 commands the read aligner 
104 to output the data from the register 192 as 
they are. When the least significant 2 bits of WP 
1073 is -01". "10" or "11", the controller 105 
commands the read aligner 104 to shift the data 

15 from the register 102 by one byte, two bytes, or 
three bytes toward the most significant byte, re- 
spectively. Similarly, when the least significant 2-blt 
data is "00", "01". "10", cr "11". the write aligner 
controller 109 commands the write aligner 108 to 

20 shift the data from the register 106 by zero byte, 
one byte, two bytes, or three bytes toward the 
most significant byte, respectively. 

An operation will be described with an assump- 
tion that the first channel of the DMA controller 1 is 

25 allocated to a data transfer from the first peripheral 
I/O 4 to the memory 3 and the second channel 
thereof is allocated to a data transfer from the 
memory 3 to the second peripheral I/O 5. First. 
CPU 2 sets; in the parameter register 201. the 

30 number of bytes to be transferred (8UM1). a start 
address of a data destination region of the memory 
3 (MSTADD1). "10" for the bus width BW1. the 
port address of the peripheral I/O 4 fPADDI), "00" 
for port width PSW1, and "1" for the transfer 

35 direction DT, as an initial seating operation for the 
DMA controller 1 . Further, the number of bytes to 
be transferred fBNM2), the start address of a data 
source region of the memory 3 fMSTADD2), "10" 
for the bus width BW2, the port address of the 

40 peripheral I/O 5 (PADD2J, "01 " for the port width 
PSW2, and "0" for the transfer direction DT2 are 
set in the parameter register 201. With these set- 
tings, the DMA controller 1 is ready to execute a 
DMA transfer. 

45 When the peripheral I/O 4 makes DMAREQ 
signal 12-1 active to request a data transfer, the 
DMA controller 1 makes HLDREO signal 11-1 ac- 
tive to get the right of usage of the buses 6 to 3 
from CPU 2. In response of this, the CPU 2 sus- 

50 pends a program execution and Informs to the 
DMA controller 1 that the monopoly of the bus rs 
given thereto by making HLDACK signal ii-2 ac- 
tive. 

As a result, the DMA controller 1 executes the 
55 data transfer from the peripheral I/O 4 to the mem- 
ory 3 in accordance with a timing chart shown in 
Fig. 5. In this embodiment, a unit read or write bus 
cycle of the DMA controller 1 is executed in 2 

4 
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clocks of clock 01 (02) including each of Tl and 
T2 states. A data source or designation address is 
outputted in a Tl state and data is read or written 
in the T2 state. Further, a corresponding DMAACK 
signal 12-2 (13-2) is outputted in synchronism with 
a start of Tl state. Although, in the system shown 
in Rg. 1. DMAACK signal 12-2 (13-2) is supplied to 
the peripheral I/O 4 (5) to indicate an access, it is 
possible to make an access by decoding the port 
address PADDI {PADD2). 

The DMA controller 1 activates first a read bus 
cycle. Therefore, the sequence controller 203 
makes RC signal active (high level) and WC signal 
inactive (low level), respectively. Upon this, data 
PDOO is read out from the peripheral I/O 4 and 
supplied through the busses 40 and 8 to the data 
terminals DT of the DMA controller l. At this time, 
since the peripheral I/O 4 Is of 8-bit, eight bits of 
valid data PDOO from the 1/0 4 are supplied to the 
data terminals DTO to DT7, respectively, other data 
terminals Dt8 to 31 being meaningless. As is clear 
from the description of Figs. 3 and 4. the data 
PDOO Is stored through the register 102 and the 
aligner 104 in the data register RlO. Data of 8-bit 
(1-byte) Is read from the peripheral I/O 4 for each 
read bus cycle and data of 32 bit (4-byte) can be 
written in the memory 3 for each write bus cycle. 
Therefore, the DMA controller 1 executes 4 unit 
bus cycles continuously in the read mode for the 
peripheral I/O 4 allocated as a data source. More- 
over, in order to continuously execute a read bus 
cycle and a write bus cycle, the data register 106 
includes two fields 106-1 and 106-2 each having a 
capacity of 4-byte. Therefore, upon a DMA request 
from the peripheral 1/0 4. the controller i performs, 
as an initial operation, eight unit bus cycles con- 
tinuously in read mode as shown in. Fig. 5. Thus, 
data PDOO to PD07 corresponding to 8 bute are 
read from the peripheral I/O 4 and then supplied to 
the data terminals DTO-7 sequentially. These data 
PD00-PO07 are stored temporarily in the registers 
R10-R23 of the data register 16. as mentioned with 
reference to Figs. 3 and 4. 

Subsequent to this read bus cycle, a unit write 
bus cycle is executed by making signals RC and 
WC high and low levels, respectively. In this cycle, 
since the read decoder 1084 outputs four read- 
enable signals RlO to Rt3 of "P. data PD01 to 
PD03 are read from the registers RlO to Rl 3 in the 
first field 106-1 and then outputted from the data 
terminals DTO to DT31 through the write aligner 
108. the registers 110 and 112 and the output 
buffer 113, finally being written into the memory 3. 

Successively, four unit read bus cycles are 
executed, so that next four byte-data PDOa to 
PD1 1 are read from the peripheral I/O 4 and then 
stored temporarily in the registers RIO to R13 in 
the first field 106-1. respectively. A unit write bus 
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cycle is then executed, so that the data PD04 to 
PD08 are read respectively from the registers R20 
to R23 in the second field 106-2 and then written in 
the memory 3. Thereafter, four byte-data PD12 to 

5 PD15 are read from the peripheral 10 4 m a next 
read bus cycle and then stored in the registers R20 
to R23 in the second field, respectively. Such oper- 
ations are repeated until the data transfer of bytes, 
the number of which is represented by transfer 

10 byte number information BNMl. is completed. In 
this manner, the read bus cycle and the wnte bus 
cycle can be executed successively or continu- 
ously regardless of the existence of the registers 
102. 110 and 112 lor the data fetching and the 

15 timing matching and the aligners 104 and 108 for 
the data arrangement. 

It should be noted that the read wnte controller 
200 checks the level of DMAREQ signal l2-l from 
the peripheral 1.0 4 every unit bus cycle. There- 

20 rore. when the peripheral I'O 4 makes the signal 
12-1 inactive, the controller 200 suspends the data 
transfer operation and makes HLDREQ signal li-i 
inactive to return the monopoly of the bus to CPU 
2. For example, if DMAREQ signal 12-1 becomes 

25 inactive level during the execution of the read bus 
cycle for data PD09. the data transfer operation is 
suspended at a time when data PD09 is fetched m 
the register Rll. and the usage right of the bus is 
returned to the CPU 2. When the penpheral I O 4 

30 thereafter makes the DMAREQ signal 12-1 active 
again, the controller 1 acquisites the bus usage 
right from the CPU 2 and restarts the transfer 
operation from the read bus cycle for the data 
PD10. In addition, tf the number of bytes to be 

35 transferred is indicated by the information BNMl 
as being 6, a wnte bus cycle is executed subse- 
quently to the read bus cycle for the data PD05. so 
that data PDOO to PD03 are wrtrten mio the mem- 
ory 3. followed by a further write bus cycle lo wnie 

40 the data PD04 and PD05 into the memory 3. 

For a DMA data transfer from the memory 3 to 
the peripheral I 0 5. the system operates m accor- 
dance with the liming chart shown m Fig. 6. Specifi- 
cally, the DMA conlroiler 1 first executes a read 

45 bus cycle to read data to be transferrea from the 
memory 3. Since the memory 3 is of 32-bit width, 
foui byte-data MBDOO to MBD03 are read and 
stored simultaneously in the registers RIO to R13 
of the first field lOG-l in the second channel trans- 

50 fer circuit 100-2 through the data terminals DTO to 
DT31. respectively. As mentioned previously, m the 
initial operation, the read bus cycle is executed 
again, so that next four bytc-data MBDiO to 
MOD 13 are stored in the registers R20 to R23 of 

55 the second field 106-2. respectively. Successively, 
a write bus cycle is executed. As described with 
reference to Figs. 3 and 4. the data M8D0O and 
MBDOl aro road from the registers RIO and Rn 

5 
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and transferred to the peripheral I/O 5. A write bus 
cycle is executed again, so that the data MBD02 
and MBD03 from the registers R12 and R13 are 
supplied to the peripheral 1/0 5. Thereafter, a read 
bus cycle Is executed and neirt data MBD20 to 
MBD23 from the memory 3 are stored in the regis- 
ters RIO to R13 of the first field 106-1. Through the 
subsequent two unit read bus cycles, the data 
MBD10 MBD11 from the registers R20 and R21 
and the data MBD12 and MBD13 from the registers 
R22 and R23 are sequentially transferred to the 
peripheral I/O 5. 

This operation is also controlled according to 
DMAREQ signal 13-1 from the peripheral I/O 5 and 
the number of transfer bytes Indicated by the in- 
formation BNM2, as mentioned previously. 

As described hereinbefore, the DMA controller 
according to the present invention employs 2-bus 
cycle system including a read bus cycle and a 
write bus cycle and can execute DMA transfer from 
a data source unit to a data desination unit by 
executing the both cycles continuously. 

The present invention is not limited to the 
described embodiments, but may be changed and 
modified without departing from the scope and 
sprite of the invention. For example, the number of 
clocks for unit bus cycle may be increased and/or 
the width of the data bus may be increased. Fur- 
ther, a more efficient data transfer may be ex- 
ecuted by using the address information of the 
DMA transfer region of the memory 3 as a portion 
of the control information for the controllers 105, 
107 and 109. 

Claims 

1. A DMA controller comprising a data register 
including a first and a second fields for tem- 
porarily storing data to be transferred, first 
means for performing a read bus cycle in 
which data is read out of a data source unit 
and then stored temporarily into one of said 
first and second fields of said data register, 
and second means for performing a write bus 
cycle in which data is read cut from the other 
of said first and second fields of said data 
register and then transferred to a data destina- 
tion unit, subsequently to said read bus cycle. 

2- The DMA controller as claimed in claim 1, 
wherein each of said first and second fields of 
said data register Includes a plurality of regis- 
ter regions, said first means including means 
for aligning a location of data read from said 
data source unit to produce aligned data and 
means for storing said aligned data in cor- 
responding, one or ones of said register re- 
gions of said one field, and said second means 



including means for aligning a location of data 
read from said other field. 

3. The DMA controller as claimed in claim 1 or 2. 
5 wherein at least one of said read bus cycle 

and said write bus cycle is constituted of a 
plurality of unit bus cycles. 
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® DMA Controller performing data transfer by 2-bus cycle transfer manner. 
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@ The DMA controller comprises a data register 
having a first field and a second field for temporally 
storing data to be transferred, means for reading 
data from a data source unit such as a memory (or a 
peripheral I/O) by executing a read bus cycle to 
store the read-out data in one of the first and second 
fields of the data register, and means for writing the 
data stored in the other of the first and second fields 
of the data register into a data destination unit such 
as a peripheral I/O (or a memory) by executing a 
write bus cycle subsequent to the read bus cycle. 
Data which have been read from the data source unit 
and stored in the data register by a preceding read 
bus cycle executed prior to a current read bus cycle, 
are then transferred and written into the data des- 
tination unit by a write bus cycle subsequent to the 
current read bus cycle. Therefore, there Is no need 
or providing a time for the arrangement processing 
of data read out by the read bus cycle and thus it is 
possible to execute successive operations of a read 
bus cycle and a write bus cycle. 



"li chJuwel data transfer CKT 
T2 « .105 




fi^ralrfii. S3-™ 

T1©2 T1«l J 




ii-i-$~^iiT • • • 

HiJSa HOIAOC 




OMAACK GHAAQC 



Fig.2 



BNSOOCID: <EP (M32799A3J_> 



Rank Xerox (UK) Business Seivtces 



Europeftn Patent 
Office 



EUROPEAN SEARCH REPORT 



AppBcittoB Nsnbw 



EP 90 12 4231 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CatctofT 



Citaliaa of d ccu mc at with iadicatioo, wticre appropriate, 



Rdmat 
t» daim 



CLASSIFICATION OF IHE 
APPUCAnON ObL CIS ) 



X 
Y 



\IS-A^A 333 143 (CALOER) 

coliuwi 44, line 5 - colum 45. line S; figures 
67.68 * 

EP-A-0 303 752 ( IMTERN^TJONAL BUSINESS HACHINES 
CORPJ 

* page 4. coluam 5, line 27 - colum 6. line 57; 
figures 1.2,4 * 

EP-A-0 290 172 (AOVAMCEO MICRO DEVICES INC. ) 

* page 3. colum 4. line 21 - page 4, colum 6. 
line 40: figures 2.3.4 * 



1 

2,3 



2.3 



1,2 



The prtaeat searcli rqMft kas been drawn op for ill timam 



G06F1V28 
G06F13/40 



TECHNICAL FIELDS 
SEASCHED (lot. CL5 } 



G06F 



TNE HAGUE 



26 JUNE 1992 



JONES H.O. 



CATECORY OF CtTKD DOCUMENTS 

X: pvtiaduly Ntoraat tf tu« itoM 
Y : pntkBltily nlwui tf aMBbteai with uotfaw 
docsnot of tht sua* atoory 

A : taduokisfcal bukr»^ 
O : D uu -w) lt ai Msdosnra 



X : llMDcy or priadpl* aa<«lyteg a« tavottloa 
C : tuUm pMMl toaiBM, but paWisbti oa. or 

tiM fUiat tett 
D: tocsMt dtarilatlMMflJctttae 
L : tocBia«i dti4 tar o«lMr nuoos 

A : mubcr of tbt sum pttoot teailjr, cotr w pn o^tn 



BNSDOCID: <EP 0432799A3_I.> 



